Autophagy is a highly conserved, closely-regulated homeostatic cellular activity that allows for the bulk degradation of long-lived proteins and cytoplasmic organelles. 
Introduction
Autophagy or "self-eating" is a highly conserved, homeostatic process that allows for the bulk degradation of long-lived proteins and cytoplasmic organelles in eukaryotes 1 . During autophagy, portions of cytoplasm and organelles are first engulfed within a double-membrane vesicle called autophagosome, and then the autophagosome fuses with the lysosomes to degrade the sequestered materials by various lysosomal hydrolytic enzymes, followed by generation of amino acids that are recycled for macromolecular synthesis and energy production 2 . The molecular mechanism of autophagy has been widely investigated in yeast and mammalian cells 3, 4 . More than 30 autophagy-related genes (Atg), such as beclin1, hVps34 (human vacuolar protein sorting factor 34, the homolog of class III phosphatidylinositol 3-kinase (PI3KC3) in yeast), have been identified to participate in autophagic process 2, [5] [6] [7] . Among these molecules, microtubule-associated protein 1 light chain 3 type I(LC3-I), originally identified as a small subunit of microtubule-associated protein 1A and 1B from rat brain 8 , is processed into LC3-II (LC3 conjugating to phosphotidylethanolamine) by a unique protein activation/conjugation system similar to ubiquitylation to form an autophagosomal membrane during autophagy. The conversion of LC3-I into LC3-II is indispensable for both the membrane association of LC3 itself and elongation of the autophagosomal membrane 9, 10 .
Autophagy is important in differentiation, development and response to changing environmental stimuli, and plays an important role in numerous diseases, including bacterial and viral infections, neurodegenerative disorders, and cardiovascular disease 2, 11 . Recent studies suggest that autophagy may also be essential in the regulation of cancer initiation and progression and in determining the response of tumor cells to anticancer therapy. However, the role of autophagy in these cancer 
Transmission electron microscopy (TEM)
Fresh BM cells and the transfected cells were washed in cold PBS, pelleted and subsequently fixed in pre-cooling 2% glutaraldehyde for 2 hours. Cells were then collected by centrifugation, and cell pellets were post-fixed in 1% osmium tetroxide.
The samples were then rinsed with phosphate buffer followed by an increasing gradient dehydration step using ethanol and embedded in Epon 812. Ultrathin sections obtained using LEICA Ultracut R were stained with uranyl acetate and lead citrate, and electron micrographs were taken by Philip-CM120 TEM. Data quantification was resulted from total 50 cells analyzed for each sample.
Confocal microscopy and indirect immunofluorescence
U 2 OS cells were grown on 13 mm glass coverslips (VWR, West Chester, PA) in 12-well plate and transfected with the indicated plasmids using Fugene HD reagent.
Twenty-four hours after transfection, cells were fixed with 4% paraformaldehyde in PBS at room temperature and processed for fluorescence microscopy analysis using confocal microscopy (LEICA TCS SP5). For Myc-LC3 immunostaining process, the fixed cells were stained with rabbit anti-Myc tag antibody (Cell signaling) and then with anti-rabbit IgG-TR (Santa Cruz, CA). Fluorescence signals were observed by LEICA confocal microscopy.
Western blot
The whole cell lysates and tissue lysates were extracted in High Salt Buffer [20mM HEPES (pH 7.9), 20mM NaF, 1mM Na 3 VO 4 , 1mM Na 4 P 2 O 7 , 1mM EDTA, 1mM
EGTA, 1mM DTT, 420mM NaCl, 0.5mM PMSF, 20% glycerol, protease and 
Statistical analysis
Student's t-test was used to evaluate differences between indicated transfections or treatments. A p value of less than 0.05 was considered statistically significant. -untreated U937/PR9 cells (left panel, Figure 1D ).
Results

Induction of PML-
Among the AV + cells, moreover, AV numbers per cell in PML-RARα-expressing U937/PR9 cells were also higher than those in control cells (right panel, Figure 1D ).
However, Zn 2+ addition did not produce such an effect in parental U937 cells (Supplemental Fig. S1 ). All these data supported that PML-RARα expression induces constitutive autophagic activation in leukemic U937 cells.
To address whether the phenomena is cell context-dependent, the PML-RARα fusion gene-expressing plasmid was transfected into human osteosarcoma cell line The observation that PML-RARα expression favors mammalian cells to undergo autophagy led to the consideration that the alteration of autophagy-related signaling molecules possibly contributed to PML-RARα-enhanced autophagic activity. It has found that autophagy is regulated by a series of signaling molecules such as Atg7 and Vps34, as widely reviewed 5, 6 . Our results showed there was no significant difference of Atg7 and Vps34 expressions in the presence and absence of PML-RARα induction (data not shown). More recently, it has been demonstrated that endoplasmic reticulum stress-related autophagic modulator Grp78 was up-regulated in more than 10% AML patients with a favorable prognosis and Grp78va, a variant form of Grp78, was found to increase in several human leukemic cells and leukemia patients 42, 43 . However, Grp78 expression was also not significantly altered by transient transfection of PML-RARα plasmid in U 2 OS and 293T cells (data not shown). Considering that the promotion of autophagic activity was only specifically produced by PML-RARα but 17 not PLZF-RARα and NPM-RARα expression, we extrapolated that PML-RARα-induced autophagic activity involves its PML motif. Previous studies showed that PML interacts with mTOR, and inhibits its activity by negatively regulating its association with Rheb and further sequestrating mTOR in nucleus under normal and especially in hypoxic conditions 44 . Moreover, PML has also been found to interact with Akt phosphatase PP2a and then dephosphorylate Akt, which further inhibits mTOR activity 45 . mTOR belongs to the phosphatidylinositol kinase-related kinase (PIKK) family, and binds several proteins to form two distinct protein complexes, mTORC1 (mTOR complex 1) and mTORC2. Emerging evidence showed that the inhibition of mTORC1 activity, targeted and regulated by several pathways such as nutrient starvation and reduced growth factor, is a crucial step for autophagy induction in eukaryotes 46 . The growth factor signaling that regulates mTORC1 mainly involves the insulin/insulin-like growth factor-PI3K-Akt pathway, which negatively regulates autophagy induction. Indeed, our data showed that PML-RARα induction also reduced activation of Akt with the decreased phosphorylation of two down-stream substrates of mTORC1. Although it remains to be further explored how PML-RARα inhibits Akt/mTOR activation, our results supported that PML-RARα induced constitutive autophagy activation possibly involved Akt-mTOR1 signaling pathway, resulting in significantly reduced activation of Akt and mTOR pathway, and therefore induction of autophagy.
All of RARα-involving fusion proteins found so far can trigger leukemia with similar or distinct phenotypes in the transgenic mice 23, 47 . However, they present different response to ATRA and As 2 O 3 in mice models and human APL patients 47 . For example, PML-RARα but not PLZF-RARα-carrying leukemia is responsive to ATRA 
